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(I)yHZ[aMEHTaIlBHbIe U NPUKJIAIHbIC l'lpOﬁ.]'IeMbI TEXHUKH H TEXHOJIOI'HHA

Kononka rinaBHoro pepakropa

K 75- nemuto Brnaoumupa Cepeeesuua Illopxuna, uzeecmmnozo
yuenoco,  samecmumens — 21A6HO20  pe0aKmopa — JHCypHala
«DynoamenmanvHvle U  NPUKIAOHbIE NPOONEMbl  MEXHUKU U
MeXHON0SUUY.

Bnaoumup Cepeeesuy [llopxun poouncs 10 saneapsa 1947 2ooa.
Aensgemea  poccutickum — y4eHviM 6 00AACMU  MEXAHUKU
oepopmupyemoco meepoo2o mena, a UMEHHO — CO30aHUs.
HEeMpPAOUYUOHHBIX MOOelell JIOKAIbHOU U HeNOKAIbHOU Mmeopuu
YIpY2oCmu U NPUMEHEHUS UX 8 UHICEHEPHOL NPAKIMUKe.

Hayunas u npakrtuyeckas nestenbHocTh Illopkuna B.C.
BHECJIa CYIIECTBEHHBIN BKIIAJ B TEOPHUIO U MPAKTUKY ar€3MOHHOTO U
AQHTUAJIC3UOHHOIO  B3aMMOJECHCTBHUS  JJIEMEHTOB  KOHCTPYKLMI
MaIlvH U 000pyZOBaHUs, B YaCTHOCTH, MPH pa3pabOTKe TEXHOJIOTHH
W3TOTOBIICHHs ONaHKeTa TepMosizepHoro peaktopa (mpoekt UTEP),
TEOPETHUYECKOM 0OOCHOBAaHMH PabOTHI TBEPIOCMA30YHBIX TOKPHITUN U aHTHAU(PHY3UOHHBIX CIOCB
OMMEeTaJUIMYECKUX MMPOBOIOB.

[Hopxun B.C. mposen 601b1110# 00beM YHUKAIBHBIX HAYYHBIX UCCIIEOBAHUN, TPEXK]IE BCETO,
B 00JIaCTH MCCIIEIOBAHUS HETPAJUIIMOHHBIX MEXaHUYECKIX CBOMCTB MOBEPXHOCTHBIX M MEPEXOAHBIX
CJIOEB TBEPJBIX TEJI METOJIaMU HEJIOKATbHON TEOPUH YIPYTOCTH.

OcHoBHbIE pe3ynbTaThl pabOThl OTpPaK€HbI B ULEHTPAJIbHBIX U  MEXKIyHApPOJHBIX
MePUOINUECKUX U3JIaHUSX, cUcTeMax IuTupoBaHus Scopus u Web of Science (Nanoscience and
Technology: An International Journal, Advanced Structured Materials, Journal of Surface
Investigation, X-ray, Synchrotron and Neutron Techniques, «Texuudeckas ¢usuka», «M3Bectus
PAH. Mexanuka tBeproro Ttena», «M3Bectusst PAH. Ilpubopsl M TexHHKa SKCHEPUMEHTa»,
«13Bectusi PAH. Tlpuknagnas maTemaTuka W MexaHuka», «MarepuanoBenenue», «BecTHuk
[lepMckoro  HalMOHANBHOTO  HCCJENIOBATENBCKOTO  MOJUTEXHUYECKOTO  YHUBEPCHUTETa»,
«YTIPOUHSIONIUE TEXHOJOTUM U TOKPBITHSY, «DyHIaMEHTabHbIE W MPUKIAAHbIE MPOOIEMbI
TEXHUKHU U TEXHOJIOTHI.

[Hopxun B.C. BXoauT B cocTaB 2-X NOKTOPCKHUX AMCCEPTALIMOHHBIX COBETOB IO 3aLIUTE
nucceptauii. [Tox pykoBoactBom Illopkuna B.C. 3amumieno 3 xkaHauaaTCKuX auccepranuu, 4
JOKTOPCKUX JUCCEPTALIUH.

Ot Bcero komiexktuBa OI'Y uMm. M.C. Typrenesa u penakuuu xxypHaina « DyHI1aMeHTaIbHbIE
Y IPUKJIAIHBIE TPOOJIEMbI TEXHUKH U TEXHOJIOTHID cepAeuHO no3apasisieM Bnagumupa CepreeBuda
lopkuHa ¢ 3amedarenbHbIM HOOumeeM u kKemaeM €My HOBBIX HAy4HBIX, OOIIECTBEHHBIX U
TBOPUYECKUX cBeplIeHUH!!!

Konnexmus OI'Y um. U.C. Typeemesa u peoakyus oscypuana «DPyHOameHmanivHbvle u
NPpUKIAOHble NPOOIeMbl MEXHUKU U MEXHO02UUY.

Ne 1 (351) 202 3




(I)yHI[aMeHTaIIBH])Ie U MPUKJIATIHbIC l'[pOﬁ.]'leMbl TE€XHHUKH H TEXHOJOI'HA

K 50- aemuio bBapcykosa I'ennaous Banepvesuua,
3amecmumens 21agHo20 pedakmopa HcypHana « Pynoamenmanvhvie
U NPUKAAOHBIE NPOOIEMbl MEXHUKU U MEXHOTO0SUUY.

10 saumeaps 1972 200a poounrca bapcykos [ennaouti
Banepvesuu — poccutickuti yuenwvlii 6 obaacmu c8epx38YKOBbIX
CMpYUHbLIX  meyeHull, 2uopo- U 2udpoabpasu8HO20  pPe3aHus
PA3IUYHBIX MAMepuaios, O0OKMoOp MeXHUYeCKUx HayK, OOyeHm,
ayywul usoopemamens copooa Opna (2003 2.), obradamens npemuu
aomunucmpayuu Opnosckol obaacmu Ojsi MOJNOObIX VUEHbIX 8
obnracmu  mexwuueckux  Hayk  Ha  memy  «llogvluenue
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HPEABAPUTEJIBHAS OHEHKA 3JIEMEHTOB CY/IHA,
CBA3AHHbBIX C OBECIIEYEHHMEM EI'O YIIPABJIAEMOCTH

AHHOTAIMSl. Ycmouiuugocmv CyoHa Ha Kypce U e20 NOGOPOMAUSOCHIb AGNAIOMCA NPOMUBONONONCHIMU
Kauecmeamu: npu YIyuueHuy yCmouuugoCcmu Ha Kypce noO8opomaueocmsy yxyowaemcs, u Haobopom. B mo oice epems
00a 3mux Kayecmea AeNAOMCs NOJNe3HbIMU, NOIMOMY NPU NPOEKMUPOBAHUU CYO08 CHPEMAMCS HAUMU 8 3a8UCUMOCIU
om Muna u Ha3sHavenus cyona yenecooopasHoe couemanue IMux Kauecmas.
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E.V. KHROMOV, LN. MOREVA, D.S. MOREV

PRELIMINARY ASSESSMENT OF VESSEL ELEMENTS,
RELATED TO PROVIDING ITS MANAGEMENT

Abstract. The stability of the vessel on the course and its turnability are opposite qualities: with the improvement
of stability on the course, turnability deteriorates, and vice versa. At the same time, both of these qualities are useful,
therefore, when designing ships, they strive to find, depending on the type and purpose of the ship, an appropriate
combination of these qualities.

Keywords: ship handling, propeller - steering complex, drift angle, rudder area, circulation, steering diagram.
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N.I1. TIOIIOB

COCTABJIAIOIUE MEXAHH‘—IECKOIZI MOIMHOCTHA
ITPU TAPMOHHNYECKHUX BO3JAEUCTBUAX

AnHotammsi. [lenv ucciedosanusi cocmoum 6 OemManu3ayuy GUOO8 MeXAHUYECKOU MOWHOCMU Npu
eapmonuveckux — konebanusix. Ilokazano, wmo npu MeXaHUYeCKUx KONeOAHUsX pa36UeAemcsi He  MOAbKO
3HAKONONIOJNCUMENbHASL MENI06ASL MOUHOCb, HO U 3HAKONEPEMEHHbIe PeaKmueHble MOWHOCMU, XAPAKMEPU3VIOuue
00pamuUMocnms KUHemMU4eckou U NOMeHyuanbHou suepautl. 1100 akmusHOU MOWHOCHbBIO NOHUMAEMmCcs. cpednee 3d
NOANEPUOOA 3HAYEHUE MCHOBEHHOU MOWHOCMU, d NOO PeaKmueHoU — amniumyonoe 3uavenue. Ilonnas mexanuveckas
MOWHOCHB, ¢ 00HOU CIMOpPOHbL, onucbleaemcsi popmynoi Iughazopa, a ¢ Opyzoii — pasha npouzgedeHuio OeticmayIouux
3HAYeHul 2apmMoHuyeckux geaudur. OcobeHHOCMbIO KOMIIEKCHO20 NPEOCmABIeHUs SIGNAEMCsl MO, YMO NPU 6bIYUCTEHUU
NOMHOU MOWHOCMU OOUH U3 NEPEMHONCAEMbIX BEKMOPO8 00adceH Ovimb  conpsvicennvim. Ilpedcmaesnenue o
MEXAHUYECKUX PEaKMUBHBIX, AKMUBHOU U NOTHOU MOWHOCISAX SGIAEMCS 0000WeHUeM COOMEEMCMBYIOWUX NOHAMULL U3
INEKMPOMEXHUKU, YMO SGIAEMCS NPOSLGLEHUEM INEKMPO-MEXAHULECKO20 OVATUIMA.

KnioueBble ciioBa: mexanuyeckas MOWHOCMb, KUHEMUYECKAs IHEP2USL, NOMEHYUATbHAS IHEPUsL, KOMNILEKCHOe
npeocmasienue, 6eKMOpHoe npeocmasienue.
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[.P. POPOV

SPEAR BODY FALL

Abstract. The problem of the speed, time and acceleration of a body falling on the planet's surface in the absence
of an atmosphere is reduced to solving a second-order differential equation, which is solved by the standard method. A
feature of the solution is the formal use of the tabular integral at an intermediate stage. It turned out, however, that his
formula is unreliable, namely, the derivative of the right-hand side is not equal to the integrand. It follows from this that
the possible existing solutions to this problem, based on the use of the indicated tabular integral, are incorrect. The article
presents the correction of this tabular integral, which is an incidental result of the study. In this work, the time equation
of motion of a body normally falling on the surface of the planet in the absence of an atmosphere, as well as the time
equations of its speed and acceleration are obtained. The results obtained can be useful in calculating the fall of spent
structural elements of spacecraft.

Keywords: planet, body, equation of motion, speed, acceleration, mass, distance.
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A.N. BOXOHCKMUI1, H. BAPMUHCKAS, A.11. PBDKKOB

OLEHKA DOHEPITOEMKOCTHU MUHUMAJIBHOTI'O IPUHYXIEHUA
HEJEHAIIPABJIEHHOI'O IBUKEHUSA OBBEKTA

Annotanmsi. O60CHOBAHO HAUMEHbUICE IHEPLEMUYECKOe NPUHYICOEHUE ONMUMALLHO20 08UNCEHUsL 0OBbEKMA.
C ucnonv3oganuem uUHMeESPATLHO20 KEAOPAMUUHO20 KPUMEPUs. KaK Keaopama pasHOCMU KIACCUYECKO20 U
PEeBEPCUOHHO20 KOHCIPYUPYEMO20 YNpasieHul (YCKopeHuil) noOmeepicOeHo cyujecmeosanie meHOeHYuU K CHUMCEHUIO
IHepeemu4ecKux 3ampam OJisi O0CMUNCEHUSL Yeau OBUICEHUs (U3 UCXOOHO20 8 KOHEYHOe COCMOSIHUE NOKOSL NPU 3A0AHHbIX
8pemenu u paccmosnuu). Ha npumepax oyeneno CHudCeHUe IHEP20eMKOCU YNPAGLeHUsL.

KuaioueBsie ciioBa: 3adaua Jlacpanoica, kiaccuueckoe ynpasietue, pe6epCUOHHO KOHCMpYyupyemoe ynpasienue,
IHEP2OEMKOCTb YNPAGLEHUSL.
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A.I. BOKHONSKY, N.I. VARMINSKAYA, A.I. RYZHKOV

ESTIMATION OF THE ENERGY INTENSITY OF THE MINIMUM
FORCING OF THE OBJECT PURPOSED MOTION

Abstract. The least energy coercion of the optimal motion of an object is substantiated. Using the integral
quadratic criterion as the square of the difference between the classical and reverse designed controls (accelerations)
the existence of a tendency to reduce energy costs for the goal of movement achieving (from the initial to the final state
of quiescence at a given time and distance) is confirmed. Decrease in the energy intensity of control is estimated with
examples.

Keywords: Lagrange problem, classical control, reverse designed control, control power consumption.
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B.C. lIOPKHUH, C.H. POMAIIIMH, M.B. XOPOLIMJIOBA, E.B. THUHAKOBA

PACYHET JE®EKTHOCTHU MATEPHAJIA ITPH OJJTHOPOJJHOM
HAIIPAXKEHHO-IE®@OPMHUPOBAHHOM COCTOAHUU

AHHoOTaUus. B npednazaemoti nybnukayuu npusooumcs YnpoujeHHulll npumep paciema O0eghreKmHocmu npu
OOHOPOOHOM HANPANCEHHO-0ePHOPMUPOBAHHOM COCMOsiHUY Mamepuand. Paccmampueaiomes niockue Oegexmul, Ha
KOMOPbIX COXPAMAEMCS HENPEPbIGHOCMb NOJsL NepeMeujeHutl U KIACCUHEeCKUX HANpsdCceHull, HO Hapyuwaemcs
HenpepbieHOCMb NOJSL 2pAdueHmos nepemewenuti. [lpeononazaemcs, umo maxue deekmol GOZHUKAIOM 8 MEMANLAX HA
MEIHCIEPEHHBIX SPAHUYAX UX CIPYKIMYPLL KAK NPU YRPOUHEHUU, MAK U NPU USMEHEHUU HANPSICEHHO-0ehOopMUPOBAHHO20

COCMOAHUA.
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V.S. SORKIN, S.N. ROMASHIN, M.V. KHOROSHILOVA, E.V. TINYAKOVA

CALCULATION OF THE DEFECTIVENESS OF A MATERIAL UNDER
A HOMOGENEOUS STRESS-STRAIN STATE

Abstract. The proposed publication provides a simplified example of the calculation of defectiveness in a
homogeneous stress-strain state of the material. Flat defects are considered, on which the continuity of the displacement
field and classical stresses is preserved, but the continuity of the displacement gradient field is violated. It is assumed
that such defects arise in metals at the grain boundaries of their structure both during hardening and during a change in
the stress-strain state.

Keywords: hardening, defect, damage, non-local and local theories, interparticle potential interactions.
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N.H. MOPEBA, E.B. XPOMOB, JI.C. MOPEB

JUHAMMKA BO3JENCTBUA MOPCKOI'O BOJIHEHUSA
HA NOJIYHOI'PYKHBIE IIVIAT®OPMbI

AnHotammsi. Hacmoswas paboma noceéawena ananusy ocobenHocmeti KoAeOAHUl NOIYNOSPYHCHBIX
naamgopm, 6 YaCMHOCMU ONPeOeleHUr) BEPMUKANLHBIX U V2I08bIX KONEOAHUU NPU PA3IUUHBIX KOHCIPYKMUBHBIX
napamempax u Xapakmepucmukax no8epXHOCMHBIX GOJIH.

Tokasano, umo eepmuxanbHAs Kauyka AGAAEMCS OOHUM U3 BANCHEUUWUX 6U008 Deakyuu NOLYNOSPYIHCHOU
VCMAHOBKU HA 8030€liCMEUsL WMOPMOBbIX 80JIH, 8 Hacmu obecneyeHus ee cmadunvnocmu. FIcnonv3ys TUHetHy cucmemy
VPAGHEHUL KauKu NOTYNOSPYIHCHBIX NIAMPOPM, NOAGIAEMCSL BOIMONCHOCHb NPOBEOeHUs] UCCLEO08AHUIL 6EPMUKATLHBIX
Konebanull He3asucumo om opyeux 6udos kauyku. lIpedcmasneno yucieHHoe peuienue CUCmeMbl YPAGHEHUL KAYKU
NOAYNOSPYHCHOU  NAAMPOPMbL  C  NOMOWBIO  NPOSPAMMHO-MAMEMAMUYECKo20 obecneyenus, 0becneuusaroueco
BbIUUCTEHUE XAPAKMEPUCTIUK 20PUZOHMANbHBIX, GEPIMUKAIbHbIX U Y2I08bIX NEpeMeujeHUl RAam@opmbl Npu paziuiHom
NOLOACEHUU NAAMPDOPMbL RO OMHOUEHUIO K BOTHEHUIO.

KnioueBsbie cioBa: nonynocpysicnas naamgopma, Kauka, cucmema KOOPOUHAM, AMAIUMYOHO-4ACTNOMHbLE
Xapaxkmepucmuxu.
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[LN. MOREVA, E.V. KHROMOV, D.S. MOREV

DYNAMICS OF THE IMPACT OF SEA WAVE
ON SEMI-SUBMERSIBLE PLATFORMS

Abstract. This work is devoted to the analysis of the peculiarities of vibrations of semi-submersible platforms,
in particular, the determination of vertical and angular vibrations for various design parameters and characteristics of
surface waves.

It is shown that heaving is one of the most important types of reaction of a semi-submersible installation to the
effects of storm waves, in terms of ensuring its stability. Using a linear system of equations for the rolling of semi-
submersible platforms, it becomes possible to study vertical vibrations independently of other types of rolling. A numerical
solution of the system of equations for the pitching of a semi-submersible platform is presented using sofiware and
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mathematical software that provides the calculation of the characteristics of horizontal, vertical and angular movements
of the platform at different positions of the platform relative to the wave.
Keywords: semi-submersible platform, pitching, coordinate system, amplitude - frequency characteristics.
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JAHAMUWYECKHN OTKJIUK CUCTEMBI
«BAJIKA - OCHOBAHHME» HA BHE3AITHOE TPEHHIMHOOBPA3OBAHMUE

Annomayusn. I[locmpoena mamemamuueckas Mooeib OUHAMUYECKO20 NPOYECCd 8 HAZPYICeHHOU banke Diiepa-
bepnynnu ma ynpyeom ocnoeamuu Bunkiepa, uHUyuupyemoco 6He3anHuiM 00pazosanuem oegexma Oarku 6 eude
OMKpbLIMOU nonepeunoll mpewunvl. Pewenue cmamuyeckoti 3a0auu uzeuba 3aujemMieHHol o KOHYAM OAKU CLYICUN
HAYANbHBIM YCIIOBUEM NPOYECCa BbIHYICOCHHBIX KOeOaHUll, 8 X00e KOMOPbIX NPOUCXO0Um nepepacnpeoesieHue u pocm
Odechopmayuii u nanpsicenuil. BolHydicOentble KoneOanus uccie0Viomes nymem pa3iodceHus Ha2py3Ku U Cmamuyecko2o
npoauba HenospexicOEHHou banku  psaovl no opmam cooCcmeeHHviX Konebanull 6aiku nospexicoennoll. [na anaiuza
nepemewieHuli U 6HympeHHUX YCUnuil 8 baiKe UCHOIb3Yemcst Memoo HaA4aIbHbIX NAPAMEMPOE 8 COYEMAHULU C 6EKMOPHO-
MAMPUYHBIM NPEOCAGIEHUL COCMOSHULL NPOU360IbHbIX cedeHull Oanku. [lomyuenvl 3aucumocmu, ces3vléaiowjue
napamempul HAnPANCeHHO-0eOPMUPOBAHHO20 COCMOAHUA OANIKU C 2IYOUHOU U JIOKATU3AYUell MpeuuHbl PU 3a0aAHHbIX
2COMEMPUYECKUX U MEXAHUYECKUX XApAKMepUCmuKkax cucmemvl «Oanka-ocnogauuey. s OemoHcmpayuu
B03MOJICHOCIEU NOOX00A NPUBEOEHbI YUCLEHHblE NPUMEPDL U 00CYICOeHUe Pe3VIbIMANO8.

Knwouesvle cnoea: bOanka, ynpyzoe OCHO8aHUue, 0CAOKA OCHOBAMUS, (DAKMOP GHE3ANHOCMU, GUOpayuu,
0ozpydicenus, Ha4anbHbLe NAPAMENPBbI.
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A.A. PODDUBNY, V.A. GORDON, T.V. POTURAEVA, D.S. LEONOV

DYNAMIC RESPONSE OF THE BEAM-FOUNDATION SYSTEM
TO SUDDEN CRACKING

Abstract: A mathematical model of the dynamic process in a loaded Euler-Bernoulli beam on an elastic Winkler
foundation, initiated by the sudden formation of a beam defect in the form of an open transverse crack, is constructed.
The solution of the static problem of bending a beam clamped at the ends serves as the initial condition for the process
of forced vibrations, during which the redistribution and growth of strains and stresses occur. Forced vibrations are
investigated by expanding the load and static deflection of an undamaged beam into rows according to the natural
vibration modes of a damaged beam. To analyze displacements and internal forces in a beam, the method of initial
parameters is used in combination with a vector-matrix representation of the states of arbitrary beam sections.
Dependences are obtained that connect the parameters of the stress-strain state of the beam with the depth and
localization of the crack for given geometric and mechanical characteristics of the "beam-foundation" system. Numerical
examples and a discussion of the results are given to demonstrate the possibilities of the approach.

Keywords: beam, elastic base, base sediment, surprise factor, vibration, overloading, initial parameters.
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A.B. HEMEHKO, M.M. HUKUTUH

INPEAOTBPAIIEHUE XPYIIKOI'O PASPYHIEHUSA 3AT'OTOBKH
ITPU CBEPJIEHUU
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AHHOTanus. [Ipednosicen KiaccuQukamop pexcuma ceepienus 3a20moeKu no €20 03MONCHOCHU XPYNKO2O
Ppaspyulenusi 3a20moeKu npu npoooadIceHun pabomel Ha OaHHOM pedcume. B kauecmee kpumepus oonycmumocmu
pedrcuma 63ama KOHeUHOCHb USMEHEHUs. 80 8PEMEHU OeUCMBUMENbHOU U MHUMOU Yacmell KOMIIEKCHO20 UHmMezpaid om
QyHKYUU  KacamenvHblX HANPANCEHUl, NONYHEHHOU N0 BHEWHEMY 3AMKHYMOMY KOHMYPY, OX6ambl8alOuemy
npouU3B00UMOe Omeepcmue.

Knroueenie cnosa: ceepierue, Xxpynkuii mamepuai, OUHAPHBIL KIACCUDUKAMOP, HANPAHCEHUS 8 KOMNIEKCHOU

dopme.
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A.V.NEMENKO, M.M. NIKITIN

FRACTURE PREVENTION WHEN DRILLING FRAGILE MATERIAL

Abstract. 4 classifier of the mode of drilling a workpiece from a brittle material according to its ability to lead
to the destruction of the workpiece during continuation is proposed. The finiteness of the change in time of the real and
imaginary parts of the complex integral from the function of shear stresses obtained along the outer closed contour
covering the hole being produced was taken as a criterion for the admissibility of the mode.

Keywords: drilling, brittle material, binary classifier, complex stress.
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N.H. KPABUEHKO, C.B. KAPIIEB, I0.A. KY3HEIIOB,
JLH. KYPJIOMOBA, I".b. [IAHKOB

JTUATHOCTUPOBAHUE OCTATOYHBIX HAIPSI)KEHUI
B HAIIBIVIEHHBIX U OIIVIABJIEHHBIX ITIOKPBITUAX

Annomayusn. Ocmamounvie HANPANCEHUSL 8 NOKPLIMUSIX, HAHECEHHbIX NIA3ZMEHHbIMU MemOOaMU, GIUIOM HA
NPOYHOCIb CYenieHUsl ¢ 0CHOBOU 0605K0. C 00HOU CIMOPOHDL, OHU CHOCOOCMBYIOM YMEHbUULEHUIO HANPANCEHUL 8 OCHO8E,
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a ¢ Opyeoti, cnocobcmayiom y8eruteHuio HanpsdCeHUull 8 OCHOGe Gblule, YeM OHU ObLIU Dbl 6 OMCYMCmaUue NOKPLlMusl.
Ipu smom eenununa u 3Hax HANPSICEHUL 3A8UCAM KAK OM UIUYECKUX C8OUCTNE COCOUHAECMBIX MATNEPUATIO8, MAK U OM
2e0MEMPUYECKUX PA3MEPO8 BOCCMAHABIUBAEMOU 0emanu, d MaKice YClo8utli Hanecenus nokpvlmus. Pewenuio smou
npobnemvl nocesyena Oaunuas paboma, 6 KOMOPOU IKCHEPUMEHMATbHO NPOOUASHOCHUPOBANbL NOBEPXHOCMHbIE
ocmamounble HanpAXNCeHUs: 8 MeMmaiIuyeckux NOKPbIMUsX, HAHECeHHbIX NIA3MEHHbIMU MemoOamu NPU 60CCMAHOBIeHUU
U YNpouHeHuu oemanell MAuuH.

KuaroueBble ciioBa:ocmamoutvie HANPAN#CEHUs, NIA3MEHHble Memoobl, OUASHOCIUPOBAHUe, Hepa3pYularuull
KOHMPOIb, 60CCMAHOBIEHUE U YIPOUHeHUe Oemanel.
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IN. KRAVCHENKO, S.V. KARTSEV, YU.A. KUZNETSOV,
L.N. KURDYUMOVA, G.B. PANKOV

DIAGNOSTICS OF RESIDUAL STRESSESIN SPUTED
AND MELTED COATINGS

Abstract. Residual stresses in coatings applied by plasma methods affect the strength of adhesion to the
substrate in two ways. On the one hand, they contribute to the reduction of stresses in the substrate, and on the other
hand, they contribute to an increase in stresses in the substrate higher than they would be in the absence of a coating. In
this case, the magnitude and sign of stresses depend both on the physical properties of the materials being joined, and on
the geometric dimensions of the part to be restored, as well as on the conditions of coating application. This work is
devoted to the solution of this problem, in which surface residual stresses in metal coatings deposited by plasma methods
during the restoration and hardening of machine parts are experimentally diagnosed.

Keywords: residual stresses, plasma methods, diagnostics, non-destructive testing, restoration and hardening

of parts.
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A.H. TKAYEHKO, C.I'. JAHWMJIBYEHKO, A.B. IIETPYXHH, A.B. ITAMPHH

NCCIEAOBAHUE ITPOLECCA ITPEPBIBUCTOI'O BbII'VIA’KMBAHUS
IJIOCKHUX HOBEPXHOCTEMHU SJIEKTPOTEXHUYECKUX JETAJIEN
N3 ME/I1, ObPABOTAHHbBIX KOMBUHUPOBAHHBIM CI1IOCOBOM

AHHOTAaNMA. B cmamve nokazama axmyanbHOCMb U HAYYHAS 3HAYUMOCMb 68 HPUMEHeHUu npoyecca
nPepuIBUCINOZO  BbIIANCUSAHUSA NIAOCKUX NOBEPXHOCMEN DNeKMPOmexHuyeckux oemaneti us meou, 00pabOmManHHvIx
KOMOUHUPOBAHHBIM CHOCODOM. YCMAHO8IeHo, YMO Npu aIMA3HOM Gbl2AXNCUBAHUU Oemanell C HepasHOMEPHOI
meEéPOOCmbIo U  UCXOOHOU WEPOXOBAMOCBIO HOBEPXHOCIU Neped HUCMOBHIM MOYeHUeM KOMOUHUDOBAHHBIM
UHCIMPYMEHMOM ¢ NPOOONLHBIM — PACRONONCEHUeM  pe3yd u  evlenadxcueamens, cocmasnAowas
WepoxXo8amocmu OKa3vléaen CyWecmeeHHoe 6IUsHUe Ha 00WYI0 UePOX08amocmy NIOCKOU MOPYo8oti NOBEPXHOCHIU.

KiaioueBble cj10Ba: mexanuyeckas o0pabomka, KOMOUHUPOBAHHBILL CHOCOD 00pabOmMKU, AIMA3HOE
BLINIANCUBAHUE.
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AN. TKACHENKO, S.G. DANILCHENKO, A.V. PETRUKHIN, A.V. SHAMRIN

INVESTIGATION OF THE PROCESS OF INTERMITTENT BLINDING OF
FLAT SURFACES OF ELECTRICAL PARTS FROM COPPER PROCESSED
BY A COMBINED METHOD

Abstract. The article shows the relevance and scientific significance in the application of the process of
intermittent smoothing of flat surfaces of electrical parts made of copper processed in a combined way. It has been
established that during diamond smoothing of parts with uneven hardness and initial surface roughness before finishing
turning with a combined tool with a longitudinal cutter and smoother, the roughness component has a significant effect
on the overall roughness of a flat end surface.

Keywords: mechanical processing, combined method of processing, milling, diamond smoothing.
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JL.IO. ®POJIEHKOBA, M.®.CEJIEMEHEB, A.JI. HOBUKOB, A.C. OJIEMHUK

I'PAAUEHTHAS TEOPUSA YIIPYT'OCTHU ITPOYHOCTH IIVIEHOK
IIINJIAMOB IIPU AITE3NOHHOM KOHTAKTE

AHHOTanums. B cmamove npuee()eHbl meopemu4iecKue pacdemvl dHepcuu aozesuu u noeepxyocmHoﬁ Hepeuu,
np0M36€()€HHbl€ PaA3IUdYHbIMU Memooamiu. HOKLZS’LZHO, umo nOBEPXHOCMHAA OHepeus, KAK U IJHeplus 616)2631/[1/{,
KOHYEeHmpupyromcsi 6 npuno6ePXHOCMmblx CJ10AX mwm;uyoﬁ He bonee Hanomempad, ux nosejlerue 06yC]l08]leH0 ocobbIMu
ceoticmeamu HAHOCI0€6, ONUcCbledemblx 6 npe().flOOfceHHOﬁ meopuu.
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L.YU. FROLENKOVA, M.F. SELEMENEV, A.D. NOVIKOV, A.S. OLEYNIK

GRADIENT THEORY OF ELASTIC STRENGTH
OF EPILAM FILMS UNDER ADHESIVE CONTACT

Abstract. The article presents theoretical calculations of the adhesion energy and surface energy, produced by
various methods. It is shown that the surface energy, as well as the adhesion energy, are concentrated in near-surface
layers with a thickness of no more than a nanometer; their appearance is due to the special properties of the nanolayers
described in the proposed theory.

Keywords: surface energy, epilames, machining.
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B.1. I'OJIOBUH, C.1IO. PAJJTMEHKO

KOHEYHO-3JIEMEHTHOE MOAEJIUPOBAHUE ITPOLECCA
CBEPJIEHUS IOJIMMEPHBIX BUOKOMIIO3UTOB, APMUPOBAHHBIX
HATYPAJIBHBIMHA BOJIOKHAMUA

AHHoOTanusl. [Iposeder KOHEUHO-INEMEHMHbI AHANU3 NPOYecca CEepleHUss 8 O08YX OUOKOMNOZUMHbBIX
mamepuanax. Pesynemamel mooenupoganus noxaswleaiom, umo pasiuyHoe apmuposanue (IbHAHOe U 0aA3da1bMo8oe
BOJIOKHO) KOMNOZUYUOHHBIX MAMEPUATO8 CYUWECMBEHHO GIUSCM HA CMENeHb CONPOMUGICHUSL, NPOYHOCIU, dedhopmayuu
U 2AACMUMHOCTU, NPOSAIAeMble 8 npoyecce obpabomku. DKCNepuMenm ROKA3al, 4Mo HA KA4ecmeo Omeepcmuil
NOGIUANU XAPAKMEPUCIUKY IMUX Mamepuanos. Kpome moz2o, Habuo0anucy 3Hauumenbhole pasiuius 6 NPOUHOCIMU Ha
pacmsidicerue u 8030elicmeuy onepayull CeepieHust Ha ciou 06oux mamepuanog. Ilepsuiii mamepuan nodgepeancs bonee
BbICOKOMY HANPSIICEHUIO, YMO NPUBOOUNLO K DOlee 8bICOKOMY YPOsHIo Oenamunayuu. Tkanblii noaumep, apMupo8anHblil
0a3anbmogbiM BOJIOKHOM, UMeem JIVUULYlo 00pabamvléaemMocnv. N0 CPAGHEHUIO C MKAHbIM JIbHAHO-0A3aIbMOGbIM
obpasyom.

KunroueBble ciioBa: ceeprenue, KOMROZUYUOHHbLI MAMeEPUa, GUOKOMRO3UNbL, MeMOO KOHEUHbIX NEMEHMO8.
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FINITE ELEMENT SIMULATION OF THE DRILLING PROCESS OF
POLYMER BIOCOMPOSITES REINFORCED WITH NATURAL FIBERS

Abstract. A4 finite element analysis of the drilling process in two biocomposite materials was carried out. The
simulation results show that different reinforcement (linen and basalt fiber) of composite materials significantly affects
the degree of resistance, strength, deformation and elasticity that appear during processing. The experiment showed that
the quality of the holes was affected by the characteristics of these materials. In addition, significant differences were
observed in the tensile strength and impact of the drilling operation on the layers of both materials. The first material
was subjected to a higher stress resulting in a higher level of delamination. The woven polymer reinforced with basalt
fiber has better machinability compared to the woven flax-basalt sample.

Keywords: drilling, composite material, biocomposites, finite element method.
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A.10. 'APIIIMH, B.1IO. JIATBIIIEB

OLIEHKA JJUCIIEPCHUI BPEMEHH BBINNOJTHEHUSI OITEPALTUI
IO MPOBEPKE PABOTOCIIOCOBHOCTH U BOCCTAHOBJIEHHIO
TEXHUYECKOI'O CPEJCTBA IIPU ETO TJUATHOCTUPOBAHUH
B IIOCJIEABAPUMTHON CUTYALIUN

AnHoTauus. [loxazan 00un u3 cnocob6o8 6epOAMHOCMHOU OYEeHKU ONACHOCMU U PUCKA UCNOTb308AHU
€Y008020 MEXHUYECKO20 CPeOCmBA 8 NOCIed8aAPUIIHOU CUMyayuyu nocie e2o OUdeHOCMUPOBAHUSL U 80CCIAHOBNIEHUS HA
DYHKYUOHATBHBIX CIPYKIYPHBIX MOOEIAX NYMeM aHAIU3A CUCEMbL CO2NACOBANHBIX NOKazamenel 6e30uubouHocmu,
bez0ehexmuocmu u 6ezasaputinocmu. /ucnepcuu 6pemMenu 8bINOIHEHUS ONEPayuil RO38OJIAION CYUECBEHHBIM 00PA30M
NOBbICUMb OOCTOBEPHOCTL U MOYHOCHb PA3PAOOMAHHBIX 6EPOSMHOCIHBIX MOOEIEL.

Kniwouegvie cnosa: onacnocmos, H6e30nacHocms, puck onacHoCmu, nokazamenu 0e30uubOYHOCMU, 8peMeHlU,
PECYPCHOCU, — MAMEMAMUYECKUX — ONCUOAHUL  8peMeHu U OUCNepCul  BpemMeHU  BbINONHEeHUs  Npo8epKu
pabomocnocobHoCmu U 60CCMAHOBNEHUS
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A.YU. GARSHIN, V.YU. LATYSHEV

ESTIMATION OF VARIANCES IN THE TIME OF OPERATIONS
TO CHECK THE OPERABILITY AND RESTORE OF THE TECHNICAL
MEANS WHEN IT IS DIAGNOSED IN A POST-ACCIDENT SITUATION

Abstract. One of the methods of probabilistic assessment of the danger and risk of using a ship's technical means
in a post-accident situation after its diagnosis and recovery on functional structural models is shown by analyzing a
system of agreed indicators of error-free, defect-free and accident-free. Variances in the execution time of operations can
significantly increase the reliability and accuracy of the developed probabilistic models.

Keywords: danger, safety, risk of danger, indicators of error-freeness, time, resource, mathematical
expectations of time and variance of time of performance check and recovery.
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I'.B. BAPCYKOB, T.A. XXYPABIJIEBA, O.I'. KOXVYC, E.M. CEJIEMEHEBA, E.A. ITPACOJIOB

MN3YYEHHUE BJIUAHUA MOP®OJIOI'MU ABPASUBHbBIX YACTHIL
MEJHOI'O IIVTAKA HA CKOPOCTb U I'VIYBUHY
I'MAPOABPA3ZUBHOI'O PE3AHUA IJIS1 CO3JAHUA
HOBOI'O ABPA3UBA MOBBIIIEHHON MTPOYHOCTH

AHHOTANMSL. B cmambe npedcmasneiivl pe3yiomanol U3y4enus 6IUsSHUSL XAPaKmepucmux abpasusHbx yacmuy
U, 8 YACMHOCMU, MOPPONOSUU, HA MEXAHUIMBL U CKOPOCMU YOANCHUS MAMePUana npu cUopoadpasueHom pesanuu s
obecneuenust 603MONCHOCTIU CO30AHUSL HOB020 AOPA3UEA NOBLIUEHHOU NPOYHOCIU OJIA JMOU MEXHOLO2UMU.

KuroueBblie ciioBa: abpasus, cudopoabpasueroe pesanue, 21yOuna pe3anust, MeoHvlll UIaxK, 2PAHamosslil NeCoK
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G.V. BARSUKOV, T.A. ZHURAVLEVA, 0.G. KOZHUS,
E.M. SELEMENEVA, E.A. PRASOLOV

STUDYING THE INFLUENCE OF THE MORPHOLOGY
OF ABRASIVE PARTICLES OF COPPER SLAG ON THE SPEED
AND DEPTH OF WATERJET CUTTING TO CREATE
A NEW ABRASIVE OF INCREASED STRENGTH

Abstract. The article presents the results of studying the influence of the characteristics of abrasive particles
and, in particular, morphology, on the mechanisms and rates of material removal during waterjet cutting to enable the
creation of a new abrasive of increased strength for this technology.

Keywords: abrasive, waterjet cutting, depth of cut, copper slag, garnet sand.
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KA. BYXAPOB, M.A. KYJIPOB, JI.A. PIBAK

MOJIEJUPOBAHUE JUHAMWKHN POGOTU3UPOBAHHOM
IINIAT®OPMBI IIOIBU’KHOCTHU HA BA3E SJIEKTPOLIMJINH/IPOB
JJIAA TPEHAKEPHBIX KOMIIVIEKCOB

AHHOTanMsl. B cmamve paccmompeno mamemamuyeckoe MOOEIUposaHue wecmucmeneHHou niamgopmol
noosudicnocmu (PIII), komopas modcem Oblimb UCNOIB308AHA 8 COCMABE MPEHANCEPHOSO KOMNILEKCA PA3TUYHBIX 8UO008
MeXHUKU, GKIIYAs ABUAYUOHHYIO U paKemHO—KOCMuyeckylo mexuuky. Ilocmpoena ounamuyeckas moodens PIIII c
wecmvto nekmpoyununopamu (OL]), ucnonvsyemvimu 6 Kavecmee npusooHvix mexanusmos PIIII. Paccmompervl
pazauunsie mpaekmopuu ogudicenusi PIITT u nonyuenvl owubKy ynpasienus no noaiodceHuio Wmoka 1eKmpoyuiruHopa u
OWUDKY NO NOAOJICEHUIO NOOBUINCHOU naampopmbl. [Ipusedenvi pe3yibmamol MamemMamuyecKo20 MOOeaUPoOBaHUsL.

KaioueBsle cioBa: wecmucmenennas niameopma nooSUNCHOCU, MEXAHUIMbL  NAPATLENbHOU CIMPYKMYPbl,
INEKMPOYUTUHOD, 2eKCanoo, OUHAMUYECKAsE MOOENb, CUCEMA YNPABGIEHUS.
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ABUAYUOHHOU U PAKEMHO—KoCMUYecKoli ompacauy (yuukanvnotit Homep 000000S4075210LB0002).
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SIMULATION OF THE DYNAMICS OF A ROBOTIC MOBILITY
PLATFORM BASED ON ELECTRIC CYLINDERS FOR TRAINING
COMPLEXES

Abstract. The article discusses the mathematical modeling of a six-stage platform of mobility (PMM), which
can be used as part of a training complex for various types of equipment, including aviation and rocket-space technology.
A dynamic model of the RDZ with six electric cylinders (EC), serving as the actuating mechanisms of the RDD, has been
built. Various trajectories of the RPD are considered and errors of control by the position of the rod of the electric
cylinder and errors by the position of the movable platform are obtained. The results of mathematical modeling are
presented.

Keywords: six-degree platform of mobility, mechanisms of parallel structure, electric cylinder, hexapod,
dynamic model, control system.
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A.B. KOPHAEB, /I.B. IIYTHH, 10.H. KASAKOB

KIACCUYECKHUE CUCTEMBI YIIPABJIEHUSA B PET'YJIMPYEMBIX
OIIOPAX ’KNJAKOCTHOT'O TPEHUA

AHHOTanmsi: B pabome paccmompeno npumenene Kiaccuieckux Memooos YnpasneHus  pPOmOpHLIX MAUUHAX.
Ilpeocmaenena  Koumyenyust NOOWUNHUKOBO20 Y314 ¢  U3MeHsieMou e2eomempuel 3asopa. Ilpedcmaenena
Mamemamuyeckas Mooelb pomopd Ha aKMUBHOM NOOWUNHUKE JHCUOKOCMHO020 mpeHus. [Ipusedenvl pe3ynbmanmuvl
MoOenuposanus ¢ ucnonvzosanuem IH-pesynamopa ¢ yenvio MuHuMusayuu nomeps Ha mpenue. Ilpednodcen cnocob
cogepuiencmeaoganus IH-pezynamopa 015 yayuulenus npoyecca pe2yiupo8aHusl.

KuaroueBsble clioBa: ynpagisemvie onopuvl HCUOKOCHHO20 MPeHUs, KOHUYecKue NOOUUNHUKY HCUOKOCMHO20
mpeHus, MOOenUposanue onop HUOKocmHo2o mpernus, IIM-konmpoanep, kiaccuuecKkue CUCHeMbl YRpaeieHUs..

Jlannan paboma evinonnena npu nodoeprcke Munucmepcmea nayku u evicuiezo oopazosanusn Poccuiickoi
Dedepayuu 6 pamkax cpauma IlIpezuoenma Poccuiickoii @edepayuu Ne M/ -129.2020.8. Aemopwt ¢
071a4200apHOCMBIO RPUSHAIOM IMY NOOODEPHCK).

MATLAB&SIMULINK License: 40944936.
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A.V.KORNAEV, D.V. SHUTIN, Yu.N. KAZAKOV

CLASSICAL CONTROL SYSTEMS IN ADJUSTABLE
LIQUID FRICTION SUPPORTS

Abstract: The paper considers the application of classical control methods in rotary machines. The concept of
a bearing assembly with a variable clearance geometry is presented. A mathematical model of a rotor on an active liquid
friction bearing is presented. The results of modeling using a PI controller in order to minimize friction losses are
presented. A method for improving the Pl controller to improve the regulation process is proposed.

Keywords: controlled liquid friction bearings, liquid friction tapered bearings, modeling of liquid friction
bearings, PI controller, classical control systems.
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AJO. POAMYEB, P.H. ITOJISIKOB, A.B. TOPHUH, M.A. TOKMAKOBA, 1.B. POIUYEBA

AHAJIN3 U ITPEAITIOCBIVIKA CO3JAHUSA MEXATPOHHOI'O
HOJINIUITHUKA C KOHTPOJIMPYEMBIM U3HOCOM

AHHOTAauMA. B pabome kpamro u3nodcensvl pe3yibmamsl AHAAU3A KOHMPOIUPYEMbIX NOOULUNHUKOS,
OCHOBAHHULIL HA cYyujecm8ylouux uzoopemenusx. Msznooicenst npeonoculiku u npeocmasiend KOHYenyus MexampoHHo2o
NOOWUNHUKA — CKOMbIHCEHUSL ¢ KOHMPOIUPYeMviM U3HOCOM. Ilpusedena cmpyKmypHo-@YHKYUOHAIbHASL —cXema
MEXAMPOHHO20 NOOWUNHUKA CKOLbIHCEHUSL C KOHMPOTUPYEMBIM USHOCOM. B 0CcHO8Y npednazaemoti KOHyenyuu nojaodiceHbl
MexXanudeckdas cucmema, a mMaK dce cucmema KOHMpPOAsA U ynpaenenus. Buiseneno xoncmpykmugHoe peuienue
obecneuugarouee KOHMPOAb 3A30pa U USHOC 8 NOOWUNHUKe CKOMvdceHus. Onucanvl NPUHYUNUATbHAA cXeMd U
CMPYKMYPHAsL cXeMa CUCTeMbl YNPAGIEHU MeXAMPOHHO20 NOOWUNHUKA CKONbICEHUS ¢ KOHMPOIUPYeMbIM UZHOCOM.
Jlanvl pexomenoayuu no oanbHeuuemy pazeumuro U NPUMeHeHUI0 KOHYenyuu MexampoHHO20 NOOUWUNHUKA CKOTbHCEHUSL.

KiioueBble cjI0Ba: mexampoHuKka, ROOWURHUK, CKOAbICEHIe, cCucmema YnpasieHus, napamempul, U3HOC.

Boiuie npeocmaenennsie mamepuansl noayuensl npu paoome nad npoekmom é pamkax Ilocmanosnenusn
Ilpasumenvcmea P® No218 «Co3z0anue uughposoii cucmemvl MOHUMOPUH2A, OUAHOCMUKU U NPOZHO3UPOBAHUA
COCMOAHUSA MEXHUYECKO20 000py008aHUs ¢ NPUMEHEHUEM MEXHOJI02UU UCKYCCMEEHHO020 UHMENeKma Ha Oaze
OMeEYeCmBEeHHbIX  ANNAPAMHBIX U HPOCPAMMHBIX  CDEOCME» NHO  002060py HA  GbINOJIHEHUE  HAYYHO-
uccneooeamensCKux, ORbIMHO-KOHCMPYKMOPCKUX U mexHoaozuiueckux paoom Ne4869-2081 om 19 anpena 2021 2. ¢
340 «3JICHIJI».
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A.Yu. RODICHEV, R.N. POLYAKOV, A.V. GORIN, M. A. TOKMAKOVA, I.V. RODICHEVA

ANALYSIS AND PREREQUISITES FOR THE CREATION
OF A MECHATRONIC BEARING WITH CONTROLLED WEAR

Abstract. The paper summarizes the results of the analysis of controlled bearings based on existing inventions.
The prerequisites are outlined and the concept of a mechatronic sliding bearing with controlled wear is presented. A
structural and functional diagram of a mechatronic sliding bearing with controlled wear is given. The proposed concept
is based on a mechanical system, as well as a control and management system. A constructive solution providing
clearance control and wear in the sliding bearing is revealed. The schematic diagram and block diagram of the control
system of a mechatronic sliding bearing with controlled wear are described. Recommendations are given for the further

development and application of the mechatronic sliding bearing concept.
Keywords: mechatronics, bearings, slides, control system, parameters, wear.
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A.B. KOPHAEB, P.H. I[IOJIZIKOB, K.K. HACTEITAHHNH, A.C. PETHCOB

AUATHOCTHUKA COCTOSHHUA OITOP POTOPHBIX MALIUH
IO JAHHBIM NH®PAKPACHBIX U30bPA’KEHUUN

AHHOTAUUS: B cmamve npednodicena konyenyusi OeCKOHMAKMHOU CUCTeMbl OUASHOCTRUKU COCIMOSHUSL ONOD
HCUOKOCMHO20 MPEHUsE POMOPHBIX MAWUH HA OCHO8E OAHHBIX UHPPAKPACHBIX U300padicenull Onopul. J{ankvle nowyueHsl
6 X00¢e PU3UUeCK020 IKCNEPUMEHMA NO UCCAEO0B8AHUIO YeMbIPeX COCMOSIHULL POMOPHOU Mawuibl. [IomMumo HopmanbHo2o
COCMOSIHUSL, UCCTIEO08ANUCh TPU HEUCHPAGHBIX COCMOSHUS, NPU KOMOPbIX HAOMOOANOCh HEKOMOpoe 603paAcmanue
nonepeynvix Konebanuii pomopa. Unmennexmyanvhas cucmema OuazHOCMUKU, OCHOBAHHAL HA 2TYOOKUX CEEPINOYHBIX
HEUPOHHBIX CemsAX, NPOOeMOHCIPUPOBALAd MOYHOCMb GbIAGNIEeHU Heucnpagno2o cocmosanus 0o 90%. Ilpu smom
MOYHOCMb IKCNEpPmos cocmasuna e bonee 51%.

KaioueBble c€/10Ba: nOOWUNHUKU CKOMbIICEHUsl, POMOPHble MAauiuhbl, 21yOoKoe obOyueHue, OUacHOCMUKA
HeucnpasHocmeil.

Paboma evinonnena é pamkax npoexma «Cozoanue yugposoi cucmemvl MOHUMOPUH2A, OUAZHOCMUKU U
RPOZHO3UPOBAHUA COCHOAHUA MEXHUUECKOZ0 000PYO0BAHUA ¢ RPUMEHEHUEeM MEXHON02UU UCKYCCHBEHHO20
UHMmeIeKma HA 0a3e OmeueCmeeHHbIX ANNAPAMHBLIX U NPOZPAMMHBIX CPEOCmE» N0 002080py HA 6bINOTHEHUE

HAYYHO-UCC1e008aMENbCKUX, ONbIMHO-KOHCMPYKMOPCKUX U mexHonozudeckux paoom Ne4869-2081 om 19 anpensa
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A.V. KORNAEV, R.N. POLYAKOV, K.K. NASTEPANIN, A.S. FETISOV

DIAGNOSTICS OF ROTOR SYSTEM DEFECTS BASED ON
THERMOGRAMS OBTAINED WITH THE INFRARED CAMERA

Abstract. The article proposes the concept of a non-contact system for diagnosing the state of the support-liquid
application of rotary machines based on the data of infrared images of the support. The data was obtained during a
natural experiment on the study of a quadrangular rotary machine. In addition to the normal state, triaffective states were
found, in which cases of the prevalence of transverse oscillations of the rotor frequency were observed. An intelligent
diagnostic system built on the basis of convolutional neural networks has demonstrated the accuracy of detecting state
disorders up to 90%. In this case, the probability of probability is not more than 51%.

Keywords: plain bearings, neural networks, bearing diagnostics, rotor defects.
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JLLA. CABHUH, JI.JI. KO3bIPEB, A.B.I'OP1H, H.B. TOKMAKOB

MOIEJUPOBAHUE U OITUMU3IALINA PABOTbDI MEXéHI/I‘IECKOﬁ
PEJJAKCAIIMOHHOMU PBIYA’KHOU BUBPO3ZALIUTHOU CUCTEMBbI

AHHOTanMs1. B cmamve npedcmaeien Kpamkuil AHaiu3 He2amugHbLX UOPAYUOHHBIX 6030€UCMEULL HA YeL06EKA.
Tlpusedena cxema npumeneHus: poluadCHOU PEIAKCAYUOHHOU BUOPO3AUWUMHOU CUCTNEMbL UHMESPUPOBAHHOU 6 CUOEHbE
asmomobuns. Mamemamuuecku onucana paboma MexXaHUUecKoll pelaKCayuoHHOU pblYadCHOU GUOPO3AUUMHOU
cucmemvl. [Ipueedena onmumuzayus napamempos paccmampueaemoli GUOpo3auumHuo cucmemot. Onucan anzopumm
pabomuvl MexaHuueckol peiaKcayuoHHoU puluadcHoll eubpozawumuol cucmemsl. Coenamnvl 6bl600blI U NPUBEOEHDbI
pexomendayuu no POpPMUPOBAHUIo An2opumma pabomul GpUKYUOHHO20 demngepa.

KaioueBsble cioBa: ¢purkyuonnulii demngep, subpozauuma, peliadicHas no08ecKd, pelaKcayus, ynpasienue,
MexampoHHas cucmemd.

CIIUCOK JIMTEPATYPBI

1. T'ycapos, B.I1. BuOpo3auurHele MEXaHU3MbI EPEMEHHOTO IeMII(UPOBAHUS CHCTEM JKEJIE3HOIO0POKHOTO
tpancnopta / B.1. I'ycapos, A.B. KosryHos, O.I1. Mymtokun; nox pea. O.I1. Mymokuna. — Camapa: CamI"ACII, 2004.
-178c.

2. CmupHOB, [ A. Teopus nemxennst konecHbIX MamuH/I.A. CMupHOB.— M.: MammuOCcTpoeHue, 1990.—352c.

3. Kimumos, A.B. JluHaMuka peIYakKHOHN pellakCaliMOHHON TIOJIBECKH C MPEPBHIBUCTHIM JAeMII(UPOBAHUEM: JIHC.
... kaux. TexH. Hayk: 01.02.06 / A.B. Kimmos. — Open, 2001. — 115 c.

4. KimmoB, A.B. BiusiHue Macchl ppldara Ha JUHAMHUYECKHE XapaKTEPUCTHKH PHIYXHON pelaKcannOHHON
BHOpo3amuTHOH cuctemsl / A.B. Kitumos // C6. Hayd. Tp., T.9. — Open: Openl' TV, 1997. — C.156-158.

5. Benoszeposa, E.b. IloBbiienne 3¢pGeKTHBHOCTH BUOPOU3OISIIMKM BHOPOAKTUBHOTO O0OOpPYJOBAaHMS 33 CHET
NPEPHIBUCTOTO AEMII(PHUPOBaHUS: HC. ... KaHJ. TexH. Hayk: 01.02.06 / E.b. benozeposa. — Open, 2012. — 184 c.

6. 'epman-T'ankwumn, C.I'. Matlab & Simulink. [IpoekrupoBanue mexarponnsix cucrem Ha [IK/C.I'. I'epman-
INanxumna. — CI16.: KOPOHA-Bek, 2008. — 368 c.

7. ®paiinen, k. CoBpemennsie natunku. CnpaBounuk / [x. ®paiigen. — M.: Texunocdepa, 2005. — 592 c.

8. babakoB 1.M. Teopust konebanuii / M.: [Ipoda, 2004. — 591 c.

CaguH Jleonua AsekceeBU4 TI'opun Anapeit Bragumuposuy

OI'BOY BO «OI'Y umenu U.C. Typrenesay OI'bOY BO «OI'Y numenu U.C. Typrenenay»
JIOKTOp TEXH. HayK, npodeccop Kadeapbl MEXaTPOHUKH,  KaHJ. TEXH. HayK, JOIEHT Kadepbl MEXaTpOHHKa,
MEXaHHUKU U POOOTOTEXHUKH MEXaHHKa U pOOOTOTEXHHKA

302020, r.Opén, Hayropckoe mocce, 29 302020, r.Opén, Hayropckoe mocce, 29
Ten. +79102600267 Ten. +7910 2600267

E-mail: savin3257@mail.ru E-mail: gorin57@mail.ru

Kosbipes Imutpuii Jleonngosna Toxmakos Hukura Biaagumuposnd
OI'BOY BO «OI'Y umenu U.C. Typrenesay OI'BOY BO «OI'Y numenu U.C. Typrenesay»
YueOHbIi MacTep CTYJEHT

302020, r.Opén, Hayropckoe mrocce, 29 302020, r.Opén, Hayropckoe mocce, 29
Ten. +79606489922 Ten. +79606489922

E-mail: stalker.20122@yandex.ru E-mail: stalker.20122@yandex.ru

L.A. SAVIN, D.L. KOZYREV, A.V. GORIN, N.V. TOKMAKOV

MODELING AND OPTIMIZATION OF MECHANICAL RELAXATION
LEVER VIBRATION PROTECTION SYSTEM

Abstract. The article presents a brief analysis of negative vibration effects on humans. The scheme of application
of the lever relaxation vibration protection system integrated into the car seat is given. The operation of a mechanical
relaxation lever vibration protection system is mathematically described. Optimization of the parameters of the
considered vibration protection system is given. The algorithm of operation of a mechanical relaxation lever vibration
protection system is described. Conclusions are drawn and recommendations are given on the formation of an algorithm
for the operation of a friction damper.

Keywords: friction damper, vibration protection, link suspension, relaxation, control, mechatronic system.
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PA3BUTHUE KJACCUPUKAIIUU MEXAHUYECKOMW YACTH
TATI'OBBIX IPUBOJOB TOKOMOTHUBOB

Annomayusn. Paccmompena 3a0aua co30aHusi HOGbIX Memo008 NOIYYeHUs: NAMEeHMOCHOCOOHbIX KOHCMPYKYUU
MA208bIX NPUBOOOE  IHCENEIHOOOPOICHBIX JIOKOMOMUBOS. B pesynemame awnanuza ycmawoeneHo, wmo pawnee
NpeoNiodCeHHAs KIacCUuDUKayus msaeosblx Npueooo8 mpebdyem OONOIHEHUS 6 CGA3U C NOAGIEHUEM HOB020 NPUHAKA
2PYRRUPOBKU NO cmenenu unmezpayuu. [Ipednodcena pacuupennas Kiaccupurayus msicoeplx npueo0os, eKIoUaowds
6 ceOst OONOTHUMENbHBLIL YPOBEHb SPYNNUPOEKU N0 OAHHOMY NPUSHAKY.

Kniwouesvie cnosa: npobiemvl co30aHusi HOBOU MEXHUKU, MeOPUst 3HAHUL, CUHMe3 MEXHUYECKUX pPeuleHul,
Ms206blLL NPUBOO NOOBUINCHO20 COCTNABA JHCENE3HBIX 00PO2, KAACCUDUKAYUSL.
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V.I. VOROBYEV, O.V. DOROFEEV, O.V. IZMEROV,
S.N. ZLOBIN, A.A. PUGACHEV, E.V. NIKOLAEV

DEVELOPMENT OF CLASSIFICATION OF THE MECHANICAL PART
OF TRACTION DRIVES OF LOCOMOTIVES

Abstract. The problem of creating new methods for obtaining patentable designs of traction drives for railway
locomotives is considered. As a result of the analysis, it was found that the previously proposed classification of traction
drives needs to be supplemented due to the emergence of a new sign of grouping according to the degree of integration.
An extended classification of traction drives is proposed, which includes an additional level of grouping according to this
feature.
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Keywords: problems of creating new technology, theory of knowledge, synthesis of technical solutions, traction
drive of rolling stock of railways, classification.
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H.B. TOJIYBEOBA, B.B. JIPEMUH, E.B. IIOTAIIOBA, A.B. IYHAEB

MYJIbTUMOJAJIBHASA JIAITAPOCKOIIMYECKAA CUCTEMA JIA
OLIEHKU NEP®Y3UU U METABOJIU3MA BUOJOI'MYECKUX TKAHEHA

AHHOTaMs1. Buedpenue onmuyeckux Memooos 6 npakmuxy npoeoeHuUst MalouH8A3UEHbIX 1ANAPOCKONUYECKUX
eMeuamenbCms npedCmasifnencs 8ecoMa NepCneKmusHbiM 61a200aps cnocoOHOCMU OaHHBIX Memo008 Pacno3HA8amMb
Haauyue nep@y3uOHHbIX U MUKPOYUPKYIAMOPHLIX Hapyulenutl in vivo. B pabome npednodicena sKcnepumeHmanvbHas
MHO20NAPAMEemMPUYecKas 1anapoCKONUYecKds Cucmema ¢ mpems KaHaiamu. ryopecyeHmHol, sunepcneKmpaibHol, d
makoice 1a3epHoll CHeKa-KoHmpacmHou susyanuzayuu. Ilposedennuvle usmepenus Ha 6uU006veKkme No3680IUNU NPOBECMU
mecmuposanue cucmemsl U onpeoerums e€ 4y8cmseumenrbHOCMy K USMEHeHUI0 CKOPOCMU O8UNCEHUS KPOBU, d MAKHCe K
U3BMEHEeHUI0 KPOBEHANOIHEHUS U Camypayuu npu MoOeauposaHuu uemuu nocpeocmeom okKKaosuu. B pabome onucamvl
pe3yibmamol, NOIYHEHHbIE NPU PecUCMPAyUuU OAHHBIX 8 MpPexX KAHANAX MYIbMUMOOAIbHOU CUCMEMbl NPU NPOGEOeHUU
OKKIIIO3UOHHO20 mecma.

KaioueBble cioBa: onmuueckue memoovl, 1anapocKonus, 1a3epuasi CHeKI-KOHMPACmuas 6U3yanu3ayusl,
@ryopecyenmuasn eusyanuzayusi, 2UNepCneKmpanbHas GU3YaIU3ayusl.

Paboma evinonnena npu gpunancoeoii noooepiicke zpanma Poccuiickozo nayunozo gponoa (npoexm No21-15-
00325).
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N.V. GOLUBOVA, V.V. DREMIN, E.V. POTAPOVA, A.V. DUNAEV

MULTIMODAL LAPAROSCOPIC SYSTEM FOR BIOLOGICAL
TISSUE PERFUSION AND METABOLISM ASSESSMENT

Abstract. The introduction of optical methods into the practice of minimally invasive laparoscopic interventions
seems to be very promising due to the ability of these methods to recognize the presence of perfusion and microcirculatory
disorders in vivo. The paper proposes an experimental multi-parameter laparoscopic system with three channels:
fluorescence, hyperspectral, and laser speckle contrast imaging. The measurements carried out on the biological object
made it possible to test the system and determine its sensitivity to a change in the speed of blood movement, as well as to
a change in blood volume and saturation when simulating ischemia by means of occlusion. The paper describes the results
obtained when registering data in three channels of a multimodal system during an occlusion test.

Keywords: optical techniques, laparoscopy, laser speckle contrast imaging, fluorescence imaging,
hyperspectral imaging.
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NCCIEAOBAHUE PABOTOCITIOCOBHOCTHU 2JIEMEHTOB CUCTEM
KNU3HEOBECHHEYEHUA BUOJOT'MYECKUX OBBEKTOB
B PEAJIMBAIIMU TEXHOJIOI'NU "KNAKOCTHOI'O ABIXAHUA

AHHOTAamMA. B pabome paccmompenvi pezyrbmamsl MeOUKO — OUONOSUHECKUX, TNEeXHUYECKUX U
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Ya.N. GAINULLINA, E.V. PASHKOV, M.I. KALININ, V.P. POLIVTSEYV,
P.K. SOPIN, A.A. CHETVERKIN

INVESTIGATION OF THE OPERABILITY OF ELEMENTS
OF LIFE SUPPORT SYSTEMS OF BIOLOGICAL OBJECTS
IN THE IMPLEMENTATION OF TECHNOLOGIES

LIQUID BREATHING

Abstract. The paper considers the results of biomedical, technical and design - technological work on the
implementation and manufacture of life support systems for biological objects intended for operation in nomobaria and
hyperbaria. The field of application is marine deep-sea research and some special fields of medicine, biological objects.

Keywords: liquid respiration, deep-sea research, life support systems, hyperborea, new technologies,

rebreather.
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A.M. IEHTAEB, 3.M. JIAM3VEB

HNPUMEHEHUME CTPYKTYPHOI'O IOAXOA
K IPOEKTUPOBAHUIO UHTEJUIEKTYAJIBHON CUCTEMBI
MMPOTHO3UPOBAHUA 3AFOJIEBAHUM

AHHOTaNMSA.
UHMENTEKMYAIbHOU  CUCeMbl

3abonesanull.

Paccmompenwr

Ilposedeno uccredosanue npumenenus CMpPYKMYypHO20 NOOX00a K NPOEKMUPOBAHUIO
NPOCHO3UPOBANUS

sadauu  opmanuzayuu  u

cmpykmypusayuu OaHHbIX Ha npumepe 3abonesanusi aroneyuu. OmmeyeHo, 4mo 3a0a4a NPUMEHEHUS CUCIEMHO20
nooxo0da 8 NPOeKMupO8aHUU UHMELIEKMYATbHOU CUCTEMbl NPOSHOUPOBAHUS 3a00Ne6aHUll, KAK OOHA U3 OCHOBHBIX
3a0au pazpabomku u pazeumusi UHMELIEKMYAIbHOU MeOUYUHCKOU cucmemvl, mpedyem noucka uHOUUOYaIbHO20
aneopumma peulenuss 8 3Aa8UCUMOCMU OM KOHKPEemHOU cumyayuu, OAs KOMOpOou Mo2ym Oblmb XapaKmepHvl
HeonpeoeieHHOCMb U OUHAMUYHOCTD UCXOOHBIX OAHHBIX U 3HAHULL.

KaioueBble ciioBa: cmpykmypHbulii ROOX00, UHMEIEKMYAIbHASL CUCIEMA, NPOEKMUPO8aHUe, RPOCHO3UPOSAHUEe
3a6onesanull, popmanuzayus 3a0ayu.
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AM. DENGAEV, Z.M. DAIZIEV

APPLICATION OF A STRUCTURAL APPROACH TO THE DESIGN
OF AN INTELLIGENT DISEASE PREDICTION SYSTEM

Abstract. A study of the application of a structural approach to the design of an intelligent disease prediction
system has been conducted. The problems of formalization and structuring of data on the example of alopecia disease
are considered. It is noted that the task of applying a systematic approach to the design of an intelligent disease prediction
system, as one of the main tasks of the development and development of an intelligent medical system, requires the search
for an individual solution algorithm depending on the specific situation, which may be characterized by uncertainty and
dynamism of the initial data and knowledge.

Keywords: structural approach, intelligent system, design, disease prediction, task formalization.
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AJO. TAPIIVH

METOAUKA ITPOI'HO3UPOBAHUA U OIIPEJAEJIEHUSA
INPUYUH UBMEHEHUA TEXHUYECKOI'O COCTOSHUA
JAUATHOCTUPYEMOI'O TEXHUYECKOI'O CPEACTBA
B CJOKHBIX YCJIOBUAX IKCIVIYATAIIUAN

AnHoTaums. Paspabomana memoouxa npocHO3UpOSanus u OnpeoeseHus NPUYUH USMEHEeHUS MeXHUYECKo20
COCMOSIHUSL OUAZHOCMUPYEMO20 MEXHUYECKO20 CPeOCmea HA OCHO8E UCCIe008AHUsL 3A8UCUMOCTU  BEPOSIMHOCIU
BO3HUKHOBEHUSL ABAPUUIHOU CUMYAYUU C HUM OM VCIOBHOU 6EPOSIMHOCMU €20 HENPABUIbHO20 OUASHOCMUPOSAHUsL C
UCNONb308AHUEM — (DYHKYUOHANbHBIX — CMPYKMYPHbIX — MAMeMAmu4eckux — Moolerei  npoyecca  NpoGepKu
pabomocnocobrocmu ¢ goccmarnosienuem. Paspabomarnnvie mooenu npucoonnl 0 oyeHKu QP HexmusHocmu nposepKu
pabomocnocobrocmu U 60CCMAHOGIEHUS. PA3TUYHBIX MEXHUYECKUX 00beKmo8, GIUsIOuWUx Ha Odnvhetiuee Oe30nacHoe
UCHONb30BAHUE CONCHOU IPLOMEXHULECKOU CUCTNEMbL 8 YETLOM.

KaioueBble ciioBa: (hynxkyuonaivbibie CmpykmypHble MOOeNU, CO2NACO8aHHble NOKA3amenu 6e30uubouHocmu,
epemenu, bezdepekmHocmu u 6e3a8apuUtiHOCmu, asapuliHOONACHbIl OedeKkm, aBapuiHOONACHAs OWUOKA, MEeXHUYecKoe
Juaznocmuposanue.
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A.YU. GARSHIN

METHODS OF FORECASTING AND DETERMINING THE CAUSES
OF CHANGES IN THE TECHNICAL CONDITION OF THE DIAGNOSED
TECHNICAL MEANS IN DIFFICULT OPERATING CONDITIONS

Abstract. A technique for forecasting and determining the causes of changes in the technical condition of the
diagnosed ship technical means based on the study of the dependence of the probability of an emergency situation with
technical means on the conditional probability of their incorrect diagnosis using functional structural mathematical
models of the process of checking operability with restoration has been developed. The developed models are suitable
for assessing the effectiveness of checking the operability and restoration of various technical objects that affect the
further safe use of a complex ergottechnical system as a whole.

Keywords: functional structural models, agreed indicators of infallibility, time, absence of defects and accident-
free, emergency dangerous defect, emergency dangerous error, technical diagnostics.
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1.K. IBIEPUI, H.C. KOBAJIb, B.M. MTHATEHKO, N.JI.BSJIMKOB, A.}O. POJJUYEB

OIPEJEJEHUE OTHOCUTEJBHOHN MOTPEIIHOCTHU
KO9PUUTHUMETPA IIPU HEPA3PYIIAIOIIEM KOHTPOJIE KAYECTBA
N3AEJIMU U3 TBEPABIX CIIVIABOB

AnHoOTaumMs1. HM30enus u3z MemaiiokepamMudeckux meepobix CRIA808 KAK NPOOYKmM NOPOULKOBOU MEMALypeull
umerom CcyujecmeenHulli He0OCMamox — HeOOHOPOOHOCMb CMpYKmypsl u ceoucms. I[loasmomy oHu 0ondcHb
N008EP2AMbCsl CHAOUIHOMY KOHMPONIO Kavecmed. Haubonee nepcnekmusHbiM A6I5I0MCL MEMOObL Hepas3pyuaowezo
KOHMPOJS, OCHOBAHHbIE HA UBMEPEHUU KOIPYUMUBHOU CULLL UZ0ETUSL.

B pabome npoeeden yuki SKCNEPUMEHMOS, NO3GOIUSUIUIT CPABHUMb COOMBEMCMBUE MOYHOCIIHBIX
Xapakxmepucmux  paspabomanHo20 asmopamiu  KOIPYUmumempa mpeboeanusm K 3d0aHHOU  Oeticmeyiowumu
CMAaHOapmamy MOYHOCMU U3MEPEHUSI KOIPYUTNUBHOU CUTTBL.

Ilposedennvie uccnedo8anus NOKA3AIU, YMO OMHOCUMENbHAS NOSPEUHOCMb UsMeEpenull He npesviutaem 5%,
YUmo noomeepicoaem npus0OHOCHb OAHHO20 NPUOOPA OJis HEPA3PYUAIOUie20 KOHMPOJIsL KAYeCmed CHeYeHHbIX MEepObIX
CNIAs08s.

KaioueBble ciioBa: megepovle CHIA6bl, KOHMPOTLb KAYeCMEd, Hepaspyuarwull KOHmpoib, KOIPYUMUMemp,
OMHOCUMENbHASL NO2PEUIHOCTD.
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LK. TSYBRIY, N.S. KOVAL, V.I. IGNATENKO, I.L. VYALIKOV, A.Yu. RODICHEV

DETERMINATION OF THE RELATIVE ERROR OF THE COERCIMETER
IN NON-DESTRUCTIVE QUALITY CONTROL
HARD ALLOY PRODUCTS

Abstract. Products from cermet hard alloys as a product of powder metallurgy have a significant drawback -
the heterogeneity of the structure and properties. Therefore, they must be subjected to continuous quality control. The
most promising are non-destructive testing methods based on measuring the coercive force of a product.

In the work, a series of experiments was carried out, which made it possible to compare the compliance of the
accuracy characteristics of the coercimeter developed by the authors with the requirements for the accuracy of measuring

the coercive force specified by the current standards.

The conducted studies have shown that the relative measurement error does not exceed 5%, which confirms the
suitability of this device for non-destructive quality control of sintered hard alloys.
Keywords: hard alloys, quality control, non-destructive testing, coercimeter, relative error.
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